Identifying sources of annual variation in the reproductive success of a species may provide valuable insights into how the species may be affected by future environmental or climatic conditions. We examined annual variation in the nesting phenology, productivity, and apparent nest success of Mississippi Kites (Ictinia mississippiensis), a species common in urban areas in the southern Great Plains, from May through August. We monitored 498 Mississippi Kite nesting attempts in Lubbock, Texas, USA, between 2004 and 2015, from which we modeled daily survival rate as a function of local weather conditions, drought severity, and the state of the El Niño Southern Oscillation. We observed significant annual variation in median incubation initiation date (range ¼ May 20 to June 5), the probability of nest success (range ¼ 0.31-0.90), and productivity (range ¼ 0.25-1.00 fledglings per nest). Our models of daily survival rate suggested that higher daily temperatures, severe storm events, extreme drought conditions, and La Niña events negatively influenced nest survival. These results suggest that increasing storm frequency and higher temperatures associated with climate change are likely to decrease the nesting success of Mississippi Kites in the southern Great Plains. Keywords: Mississippi Kite, nesting phenology, nest success, productivity, urban Influencias ambientales sobre la fenología de anidación y la productividad de Ictinia mississippiensis RESUMEN La identificación de las fuentes de variación anual en eléxito reproductivo de una especie podría brindar ideas valiosas sobre cómo la especie podría verse afectada por futuras condiciones ambientales o climáticas. Examinamos la variación anual en la fenología de anidación, la productividad y eléxito aparente del nido de Ictinia mississippiensis, una especie común en las áreas urbanas en el sur de las Grandes Llanuras, de mayo a agosto. Seguimos 498 intentos de la especie en Lubbock, Texas, entre 2004 y 2015, a partir de lo cual modelamos la tasa de supervivencia diaria como función de las condiciones locales del tiempo, de la severidad de la sequía y del estado de la Oscilación del Sur El Niño. Observamos variación anual significativa en la mediana de la fecha de inicio de la incubación (rango ¼ 20 mayo a 5 junio), en la probabilidad deéxito del nido (rango ¼ 0.31-0.90) y en la productividad (rango ¼ 0.25-1.0 volantones/ nido). Nuestros modelos de la tasa de supervivencia diaria sugieren que mayores temperaturas diarias, eventos de tormentas severas, condiciones de sequía extrema y eventos La Niña influenciaron negativamente la supervivencia del nido. Estos resultados sugieren que un aumento de la frecuencia de tormentas y mayores temperaturas asociadas con el cambio climático probablemente van a disminuir eléxito de anidación de I. mississippiensisen el sur de las Grandes Llanuras. Palabras clave:éxito del nido, fenología de anidación, Ictinia mississippiensisen, productividad, urbano
INTRODUCTION
Climate change is a recognized reality among scientists (Cicerone and Nurse 2014) . The challenge that climate change presents for conservation efforts, especially in arid and semiarid regions, has been identified as a high priority issue by federal and state fish and wildlife management agencies (http://nccwsc.usgs.gov/). Indeed, understanding how a changing climate may influence wildlife species is an important first step toward developing sound strategies for conservation actions (Glick et al. 2011) . Several factors associated with climate change may influence avian species (Møller et al. 2010) . The responses of individual species to climate change, however, may be idiosyncratic, and, when coupled with possible time lags, make predictions challenging (La Sorte and Jetz 2012) .
In the Great Plains region of North America, a changing climate is predicted to result in reduced frequency but greater intensity of precipitation events, increased maximum and minimum temperatures, and earlier spring phenology (Intergovernmental Panel on Climate Change 2013). The southern Great Plains in particular will become more arid, with increased frequency of extreme heat events and fewer precipitation events (Karl et al. 2009 ). When precipitation comes in the form of strong storms, wind, hail, and heavy rain can destroy nests and their contents (Martínez et al. 2013 , Bonter et al. 2014 . Nest thermal ecology and resultant egg and nestling survival are likely to be affected by climate change, but are generally poorly described (Grisham et al. 2016 ). Egg viability is sensitive to temperatures that exceed the range that is needed to initiate embryonic development, and higher temperatures during incubation may lead to decreased hatching success (Aldredge et al. 2012) . Young nestlings may be especially vulnerable to hyperthermia due to underdeveloped physiological mechanisms for coping with heat stress during the first few weeks of life (Van Balen and Cavé 1969, Gill 2007) . Increased aridity may lead to desiccation of eggs (Deeming and Du Feu 2011) . Nestlings, especially altricial nestlings restricted to a nest, may also be susceptible to dehydration mortality during periods of high aridity. Avian thermoregulation occurs primarily by evaporation of internal body moisture through the surfaces of the respiratory tract; excessive water loss due to attempted thermoregulation could lead to dehydration and mortality (Dawson 1982, Kirkley and Gessaman 1990) .
Considering the anticipated changes in the climate of the southern Great Plains, we examined the influence of environmental variables on the nesting phenology and productivity of Mississippi Kites (Ictinia mississippiensis). The Mississippi Kite is a small (males ¼ 213-301 g, n ¼ 26; females ¼ 272-356 g, n ¼ 16; Skipper 2013), primarily insectivorous, migratory bird of prey, historically distributed during the breeding season from eastern Texas to South Carolina, USA, and in the Mississippi Valley as far north as Iowa, USA (Parker and Ogden 1979) . The species expanded its distribution into the southern Great Plains in the early 1900s, presumably due to habituation to human activities and the presence of tree plantings associated with urbanization (Bolen and Flores 1993, Parker 1999) . Recent studies have addressed the kite's habitat use (Bader and Bednarz 2010 , Skipper 2013 ), urban ecology (Skipper 2013 , Welch and Boal 2015 , breeding ecology (Bader and Bednarz 2009 , Skipper 2013 , Welch 2016 ), survival (Skipper 2013 , and food habits (Bader and Bednarz 2011 , Chiavacci et al. 2014 , Welch and Boal 2015 .
The published studies of Mississippi Kites, however, have all been across short temporal scales ( 4 yr). In contrast to short-term projects, long-term studies allow examination of the influence that rare events (e.g., fires, storms, and floods) and complex phenomena, such as environmental factors (e.g., drought and temperature conditions), may have on the population ecology of a species (Strayer et al. 1986 ). Furthermore, long-term investigations are more appropriate for assessing parameters that exhibit large interannual variation, as shorter studies may misrepresent the direction of influence or magnitude of explanatory variables (Strayer et al. 1986 ). These factors are especially relevant when attempting to understand the potential influence of climate change on avian populations (Møller et al. 2010 , Dugger et al. 2016 .
Limitations on Mississippi Kite nesting success have primarily been attributed to predation, high winds, and hail (Glinski and Ohmart 1983 , Shaw 1985 , Bader and Bednarz 2009 , Welch 2016 . Our goal was to examine the effects of weather conditions and other potential sources of annual variation on the nesting success and other reproductive parameters of Mississippi Kites. To do so, we pooled data from multiple short-term studies of Mississippi Kites in Lubbock, Texas, USA, to compile 12 yr of continuous reproductive history that spanned from 2004 to 2015. Our specific objectives were to: (1) examine annual variation in productivity, apparent nest success, and nesting phenology; (2) describe the timing of nest failures (i.e. incubation, brood rearing) and proportion of successful renesting attempts; (3) assess the relationships between daily nest survival rates and local weather conditions; and (4) compare daily nest survival rates between the entire nesting season (i.e. incubation and brood rearing) and the nestling-only period. We expected nest success and productivity to be lowest in hot, dry years, incubation initiation to be later in dry years, and the timing of nest failures and renesting success to be driven by extreme heat or storms.
METHODS

Study Area
The study area was a variety of accessible greenspaces that included city parks, cemeteries, public golf courses, and university campuses in Lubbock, Texas (elevation ¼ 922 m). Other nesting sites, such as nests located on adjacent business or residential properties, were included when they were visible from the public greenspaces. The human population of Lubbock grew from 205,000 in 2004 to nearly 240,000 by 2015. Average annual precipitation was 48.2 cm during the study, with the greatest amount occurring between May and October (West Texas Mesonet 2015) . Average monthly temperatures ranged from 5.28C in January to 26.98C in July, and the mean maximum temperature was highest for the month of August at 33.78C (West Texas Mesonet 2015) . Dominant tree species included Siberian elm (Ulmus pumila), Chinese elm (Ulmus parvifolia), honeylocust (Gleditsia triacanthos), and various oak species (Quercus spp.; Skipper 2013). Though not dominant, there was also a considerable variety of other nonnative trees used for ornamental landscaping purposes.
Nest Searching and Monitoring
We compiled nesting and reproductive data for 2004-2008 from C. Boal (personal observation), from Skipper (2013 -2015 from Welch (2016 . Across all study years, initial nest searching began in May when Mississippi Kites first arrived, but the number of urban greenspaces searched varied throughout the study. Nests were located by conducting systematic surveys on foot and visually examining all trees in each greenspace for the presence of kites and their nests. Nests were also located by observing nest building or courtship behaviors of adult kites, and, in many cases, greenspaces were fully searched multiple times to identify late nesting attempts. The location of each nest and its status at the time of discovery was recorded. Each nest was revisited every~5-10 days until fate was determined. We classified a nest as successful when at least one nestling fledged (Steenhof and Newton 2007) .
Breeding Ecology
For each year, we calculated apparent nest success (proportion of all nests observed that successfully fledged at least one young) and productivity (the total number of young fledged across all nesting attempts; Steenhof and Newton 2007) . We also quantified the number of renesting attempts and the proportion of successful renesting attempts that occurred each year. We characterized the timing of nest failures by determining whether they failed during the incubation or brood-rearing period (Steenhof and Newton 2007) .
For each nest that we could confidently age, we estimated incubation initiation date by back-dating from the date of fledging using observer-recorded estimates of nestling age, or by comparing the number of incubation to brood-rearing days that were observed (Steenhof and Newton 2007) . Failed nesting attempts were assigned an estimated incubation initiation date when adult behaviors or observations of nestlings permitted age to be determined. We calculated annual mean and median incubation initiation dates for first nests only. For each year, we tested the incubation initiation dates of all included nests for homoscedasticity using Levene's test (Zar 2010) and normality with the Anderson-Darling test (Dytham 2003) . Because normality was not achieved for all years, we used a Kruskal-Wallis rank sum test to compare annual variation in the median incubation start date (Zar 2010) .
Daily Nest Survival Rate
Previous studies have found substantial annual variation in the nest survival rates of Mississippi Kites (Parker 1999 , Skipper 2013 . In an effort to explore potential sources of annual variation, we developed 7 a priori models that included daily weather variables that we considered most likely to influence the survival of eggs and nestlings, as well as seasonal index variables that described general patterns of precipitation and temperature (Table 1, Supplemental Material Table S1 ). The identification and rationale for the inclusion of each parameter is provided in the following section.
All models were assessed using the logit-link function in the nest survival model of program MARK (White and Burnham 1999) . We grouped encounter histories by year to assess both within-and among-year variation in nest survival. For comparative purposes, we included an intercept-only model, and we used Akaike's Information Criterion corrected for small sample sizes (AIC c ), the distance between each model and the proposed best model (DAIC c ), and Akaike weights (w i ) to evaluate model Daily maximum temperature, where survival is allowed to vary daily.
Combined effect of all weather-related variables, where survival is allowed to vary daily.
Combined effect of weather-related variables (except Storm) averaged for each breeding season, where survival is constrained by year. Included to assess whether fine scale (daily) weather observations are meaningful.
The Condor: Ornithological Applications 119:298-307, Q 2017 American Ornithological Society performance. We then selected the best approximating model to obtain estimates of the daily survival rate (DSR). We used package car (Fox and Weisberg 2011) in program R 3.2.3 (www.r-project.org) to aggregate point estimates of DSR back to year and to apply the Delta method to obtain estimates of associated variance (Cooch and White 2016) . We considered the duration of the nesting effort to be 57 days, consisting of 30 days of incubation and 27 days of brood rearing (Skipper 2013), and therefore calculated the probability of a successful nesting attempt for each year as DSR 57 . We used an analysis of deviance (ANODEV) to evaluate the relative impact of each covariate included in our models.
We were also interested in evaluating whether survival was influenced by nestling age, so we used program MARK to obtain estimates of daily survival rate during the broodrearing stage. For this analysis, in addition to the 7 previously stated a priori models, we also modeled survival as a linear time function of age and a quadratic time function of age. These latter 2 models were not included when we evaluated the entire nesting season because we were unable to confidently age 30 nesting attempts that failed during the incubation period.
Survival Model Parameters
Daily weather parameters were chosen based on their potential influence on the survival of eggs or nestlings. Extreme heat can adversely affect eggs and young (Kirkley and Gessaman 1990 , Gill 2007 , Aldredge et al. 2012 throughout the nesting cycle. Therefore, we obtained the maximum temperature observed in Lubbock for each day during the study from the West Texas Mesonet (2015) weather archive. We also included severe storm events that occurred within the city of Lubbock during all breeding seasons as recorded in the National Oceanic and Atmospheric Administration (NOAA) National Centers for Environmental Information Storm Events Database (https://www.ncdc.noaa.gov/stormevents/). These included observations of hail greater than 25.4 mm (quartersized) and wind gusts over 93 km hr À1 , which represent the magnitudes expected to cause property damage, including damage to trees (National Oceanic and Atmospheric Administration 2016). High winds could potentially blow nests from trees, and hail may damage nest structures or cause physical harm to nestlings and eggs. Kite nests were located throughout the city; therefore, we included all documented events.
The modified Palmer Drought Severity Index (PDSI) and Oceanic Niño Index (ONI) were both included to provide a general summary of seasonal temperature and precipitation trends that may have affected vegetation health and prey abundance during the nesting season. PDSI data were obtained for Lubbock County from NOAA's Gridded Climate Divisional Dataset (Texas Climate Division 1-High Plains Region, http://www7. ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp#) and included one reported value for the first day of every month during the nesting season. ONI data were obtained from the National Weather Service Climate Prediction Center (historical El Niño and La Niña episodes, 1950-present, http://www.cpc.ncep.noaa.gov/products/analysis_ monitoring/ensostuff/ensoyears.shtml), included one value for every month during the nesting season, and indicated the activity (i.e. severity) of El Niño and La Niña Southern Oscillation events. We did not include individual parameters representing average temperatures or cumulative precipitation for the spring, winter, and nesting seasons for 2 reasons. First, overparameterization of models may inflate standard errors and lead to spurious results (Burnham and Anderson 2002) . Second, drought conditions and El Niño and La Niña events broadly describe seasonal weather trends.
Finally, we included age as both a linear and a quadratic function to assess whether survival was influenced by parental attendance or stage of nestling development. Young nestlings have an underdeveloped physiological mechanism for thermoregulation and are covered with down, which provides increased insulation and decreased evaporative cooling efficiency (Gill 2007) . Therefore, nestlings may be at greater risk of hyperthermia early on, but become less susceptible as physiological mechanisms for thermoregulation mature and down is replaced by juvenile plumage. These developmental trends may result in nestling survival varying as a linear function of age. Conversely, parental attendance at the nest may cause survival to vary with a quadratic trend. Nestling growth follows a sigmoidal curve, with individuals requiring more energy for growth during the middle of the nestling stage (Gill 2007) . Welch and Boal (2015) found that prey delivery rates at kite nests increased after nestlings reached 7 days of age, and that the duration of each prey delivery (i.e. the time that parents spent feeding nestlings during each delivery) decreased as nestlings aged and were able to eat prey whole (Welch 2011) . It also appears that parents that are away from the nest but not actively foraging will perch in nearby trees to monitor nestlings (Welch 2011) . Therefore, very young nestlings and those approaching the age of fledging may have higher rates of survival if increased nest attendance reduces the incidence of predation or other mortality factors (Newton 1979) .
RESULTS
We monitored a total of 498 nesting attempts between 2004 and 2015. Apparent nest success was highest in 2008, with 91% of nests fledging !1 nestling, and lowest in 2011, when only 25% of nests were successful (Table 2) . Annual productivity was also highest in 2008 and lowest in 2011, ranging from 0.25 to 1.00 for all nesting attempts (Table 2) . Across all years, 36 renesting attempts were observed and approximately 53% were successful. In total, 179 nest failures were observed, of which 106 (59%) occurred during the incubation period and 73 (41%) after hatching. We evaluated nest survival across the entire nesting cycle (i.e. from incubation to fledging) for 498 nesting attempts. The daily survival rate model that received overwhelming support (w i . 0.99) included the effects of maximum daily temperature, severe storm events, the modified Palmer Drought Index, and the Oceanic Niño Index (Table 3 ). Estimates (6 SE) of annual DSR from this model ranged from 0.981 (6 0.003) to 0.998 (6 0.001), and corresponding probabilities of nest success ranged from 0.312 to 0.901 (Table 4 ). Parameter estimates suggested that higher maximum daily temperatures (ANODEV, F 1,3 ¼ 0.49, P ¼ 0.54), the occurrence of severe storms (ANODEV, F 1,3 ¼ 5.42, P ¼ 0.10), increasingly severe drought conditions (ANODEV, F 1,3 ¼ 0.88, P ¼ 0.42), and strong La Niña events (ANODEV, F 1,3 ¼ 0.51, P ¼ 0.53) negatively affected DSR when considering the full nesting cycle (Table 5) ; no covariate modeled as a main effect explained a significant amount of deviance.
We used 392 nesting attempts to assess daily survival rate during the nestling period only. The model that included only the effect of year received overwhelming support, with 99% of the total Akaike model weight (Table  6 ). Estimates of annual daily survival rates (6 SE) from this model ranged from 0.973 (6 0.008) to 0.999 (6 0.001), and corresponding probabilities of nest success were 0.198-0.917 ( Table 4 ). Models that incorporated weather parameters or age-associated linear and quadratic time trends received little to no support (Table 6) . When comparing DSR estimates among years, we found that survival for both the full nesting cycle and the nestlingonly period was highest during the 2008 breeding season, but the year of lowest survival differed between analyses (Table 4) . 
DISCUSSION
Several studies have suggested that increased productivity and nest success are associated with earlier nest initiation dates (reviewed by Chace and Walsh 2006) . We observed a wide range of median incubation initiation dates (May 20 to June 5). Although productivity and nest success were high during the years of earliest initiation, similar results were found for some years with later starts. However, 2011 had both the latest median incubation initiation date and the lowest productivity and brood-rearing-period survival, suggesting some degree of dependence. Nesting phenology is largely controlled by photoperiod, but has also been suggested to change with food abundance (Helm et al. 2013) . Although the time of arrival on the breeding grounds is a possible explanation for variation in nesting phenology, kites in our study generally arrived during the first week of May (C. Boal personal observation) and have been noted by others as building nests in a ''leisurely'' fashion over the course of several weeks (Shaw 1985, Bolen and Flores 1993) . Therefore, we suspect that kite incubation initiation dates may be less affected by arrival time than by other cues such as prey abundance and the ability of female kites to attain physiological reproductive condition. Cicadas and dragonflies are the primary prey of Mississippi Kites and are strongly associated with moist soils and open water, respectively (Welch and Boal 2015) . Thus, the abundances of these invertebrates may have been negatively influenced by drought conditions in 2011 and contributed to the later median initiation date observed that year. It is also possible that variation in human activities in the urban landscape, such as changes in park maintenance schedules or watering regimes, degree of human disturbance, or unforeseen acts that may have affected insect emergence, had a direct or indirect effect on incubation initiation dates.
The observed patterns in annual DSR and the probability of nest success, considering the entire breeding cycle (incubation to fledging), appeared to be largely explained by the effects of the weather conditions included in the top-ranked model. As hypothesized, we found that increasing maximum temperatures and the occurrence of severe hail or wind storms adversely affected survival. Severe storms occurred infrequently and their durations rarely exceeded a single day. Across all years, the Storm Events Database (https://www.ncdc.noaa.gov/stormevents/) recorded only 38 severe storm events during the kite nesting season, and the resolution of available data did not allow for confirmation of whether a particular greenspace with nesting kites was affected. Only 4 of these recorded events could confidently be associated with nest failures based on observations of nests blown from trees or dead nestlings discovered the day following a storm (C. Boal and B. Welch personal observations). However, the NOAA criteria that we used to classify storms as 'severe' undoubtedly exceed the minimum conditions that may cause nesting failures, and some kite nests may have failed in storms that were not classified as severe.
Severe weather had a much larger effect size than temperature and explained more deviance than all of the other covariates modeled as main effects; however, examination across years suggested that temperatures exceeding 418C may also have substantively reduced nest survival. The probability of nest success in 2011 was only 38%, and the temperature reached a maximum of 43.18C in this year. Similarly, in 2013, the maximum observed temperature was 41.28C and nest success was 31%. These 2 years had the lowest nest survival and productivity rates during our study. This comparison also illustrates the combined effects of multiple weather parameters. Early in the incubation period in 2013, a severe storm destroyed 31 kite nests (53% of known nests; B. Welch personal observation). Among those that survived the storm and renested, 18 pairs abandoned unhatched eggs after prolonged incubation, and dead nestlings were discovered in 3 nests. We believe that these failures were likely caused by high heat and thermal exposure due to a lack of shade associated with the considerable damage that tree canopies sustained during the storm. In 2011, no severe storms were reported at any time during the breeding season, but unhatched eggs and dead nestlings in nests were also discovered.
Although the maximum heat tolerance of kites is unknown, a review of avian embryonic tolerance studies (Webb 1987) concluded that the threshold for most species was short-term exposure to temperatures exceeding 418C or exposure to 36-398C for several hours. We suspect that the high temperatures that we observed during the 2011 and 2013 breeding seasons (43.18C and 41.28C, respectively) contributed to decreased survival of kite nests. This is consistent with other studies of heat-related effects on avian species. In control chamber experiments with small owls, Ligon (1969) found that development of hyperthermia at different temperatures was dependent on the moisture content of the air, and that some small owls were unable to maintain body temperatures below a rising ambient temperature. There also appears to be a lag effect of lethal heat stress that may go undetected in wild populations. For example, Ligon (1969) reported that 2 Elf Owls (Micrathene whitneyi) died hours after having their body temperatures elevated to 42.38C and 42.48C, respectively, and 2 Northern Saw-whet Owls (Aegolius acadicus) died within 24 hr of having their body temperatures elevated to 42.98C and 44.38C, respectively, for no more than 10 min. Ward and Mannan (2011) suggested that thermal tolerance explained the absence of Cooper's Hawks (Accipiter cooperii) from urban areas in cities in Arizona where average maximum temperatures during June exceeded 39.38C. Specific to nesting, Grisham et al. (2016) used data loggers to show that the daily nest survival of Lesser Prairie-Chickens (Tympanuchus pallidicinctus) decreased by 10% every half-hour when temperatures were above 348C. These temperature-related effects are consistent with the findings of Van Balen and Cavé (1969) that temperatures above 308C put Great Tit (Parus major) nestlings at risk of hyperthermia.
There was a positive relationship between the modified Palmer Drought Severity Index (PDSI) and daily survival rate. Consistent with previous hypotheses, years of intense drought (indicated by negative values) were associated with low nest survival. This pattern appeared to be most pronounced when coupled with the effects of maximum temperature and storm events. Considering only years with a positive PDSI, which indicate an above-average amount of rain and the absence of drought conditions, productivity per nesting attempt was consistently high (~0.90), with the exception of 2010, when productivity was 0.65. A conspicuous difference between these years was maximum temperature, which was near 408C in 2010 and only 36.0-38.58C for all other nondrought years. A similar, but less pronounced, trend occurred among years when drought conditions were observed. The years with the most extreme drought conditions coupled with the highest temperatures had the lowest productivity and nest survival; conversely, lower temperatures and wetter conditions led to higher survival and productivity. In the middle were variations likely caused by the occurrence of storms, as the number of storm events that could potentially have affected nests appeared to correspond to years with the lowest survival.
The relationship between the Oceanic Niño Index (ONI) and nest survival followed a pattern very similar to that of drought, but the standard error of the beta parameter estimate was much larger. When kites arrived in May, the value of the ONI was an accurate representation of the type of El Niño Southern Oscillation (ENSO) event that had occurred during the previous winter and spring season. This index value, however, provided little indication of the severity of the ENSO event that had occurred during the previous seasons, and in several years Southern Oscillation events switched between El Niño and La Niña conditions during the months that kites were present in the study area. Therefore, we suspect that the parameter served the intended purpose of broadly informing the model of winter and spring conditions while limiting the number of modeled parameters. However, the inclusion of season-specific (spring and winter) ONI values may have been more informative. All nondrought years were directly related to El Niño events that occurred during the winter and spring seasons immediately prior to kite arrival. Similarly, all severe drought years corresponded to La Niña events. Mild drought conditions were mostly associated with neutral ENSO events. The observed effects of ENSO conditions on winter and spring temperatures and precipitation adhered to the expected trends for the Great Plains Region (Hu and Huang 2009) . El Niño years were characterized by cooler, wetter winters and springs, which subsequently eased drought conditions. Conversely, La Niña winters and springs were hotter, with less precipitation. The only apparent anomaly associated with ONI parameter values was the previously mentioned high temperature observed in 2010 that likely led to a reduced survival rate compared with other nondrought years. This was possibly due to the extreme transition in ONI values from moderate El Niño (cold and wet) to moderate La Niña (hot and dry) conditions over the 3-4 mo time period that kites were in the area.
We did not find a linear or quadratic time trend associated with nestling age. Given the strong associations between weather parameters and survival during the full breeding season, and the absence of weather parameters in the top model for the nestling-only period, it is unlikely that a linear age relationship existed. Furthermore, survival rates during the nestling period were not consistently higher or lower than survival across the full breeding season, which would be expected if survival were agedependent. However, the effects of other parameters, particularly the occurrence of severe storms, may have masked any underlying trends of age. Categorizing the stage in the breeding season during which severe weather events occurred provides further insight. For example, in 2013, when a severe storm caused many failures during the incubation stage, survival was much lower for the full breeding season than for the nestling-only period. Therefore, an age trend may exist over the entire breeding season, but may go undetected if only examining a shorter segment (i.e. the nestling stage), or may be masked by the timing of extreme weather events. Conversely, age may have a minimal influence on kite survival due to conditiondependent parental care (e.g., brooding, shading) throughout the entire nesting cycle (Shaw 1985 , Welch 2011 , Skipper 2013 . However, there appears to be a thermal threshold beyond which adults cannot protect altricial young from hyperthermia and dehydration.
Predation may have contributed to some of the observed variation in annual survival that was not accounted for in our models. However, we suspect that this cause of failure was rare in our urban study due to a lack of nest predators. In all the years of this study, we found only 7 nests with evidence of possible predation (e.g., remnants of nestlings, destroyed nests in the absence of a recent storm).
Ultimately, we suspect that the greatest source of uncertainty in our modeling efforts was our failure to include an adequate number of parameters associated with prey quality and abundance. Such parameters may have helped to explain why more nest failures occurred during the nestling rather than the incubation period in years without severe storm events. In addition, the top-ranked model for DSR during the nestling-only period included only the effect of year, indicating that the weather parameters included in our modeling effort were inadequate for explaining annual variation in nestling survival. We suspect that understanding the influence of weather and climate on a given species, such as the Mississippi Kite, will require a better understanding of how their prey species are influenced by, and respond to, such factors. These data can then be incorporated into more complex response models. This highlights the need for a better understanding of community-level responses to weather and climate.
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